Abstract -Due to the geographical specialization in oilseed world production, Europe has a major role to play in winter oilseed rape and sunflower breeding. Mainly based on the most recen t results, this review aims to identify the main research and breeding targets for these two crops, as seen through publications, with an attempt to suggest what are opportunities and challenges in these research fields. Growing a healthy and yielding crop remains the key driver for agronomic production. However sustainability and environmental profiles of the cultivar are now entering the field of play: The sustainability concern invested the field of resistance to diseases. Nitrogen use efficiency became an important target for Brassica napus, and crop resilience toward drought stresses is the way chosen in Helianthus annuus breeding for yield improvement. Significant advances are underway for quality traits, but the uncertainty on nutritional and industrial demand may explain why the product diversification remains low.
Introduction
The world demand in oilseed derived products -oil and meal -continues to be boosted by the Asian developing countries, and the world oilseed production was expected to reach its all-time high in (FAO, 2014 . The area cultivation of the first four oilseed crops (soybean, rapeseed, palm oil and sunflower) is actually highly specialized according to the same all around the world, and these concerns have a strong impact on the targets of plant breeding. Beside of this, there is a general trend, particularly in developed countries, to preferentially allocate research funds to already well established R&D projects. Thus, these projects are benefiting both from the private companies financial effort and lobbying, and from the public sector. This trend may impact the potential of both efficiency and innovation. Focusing on the two main oilseed crops in Europe (WOSR and sunflower) and on the most recent advances, this short review aims to highlight (i) what are the key breeding targets, (ii) for each of them, what are the biggest challenges and opportunities in the next future.
Growing a healthy and high yielding crop
In their prospective study on oilseed crops competitiveness in the future, Sebillotte et al. (2002) highlighted seven strategic fields, thereafter exemplified in groups of scenarios. Four of them clearly pointed out key research fields for oilseed genetic improvement: oil quality according to the nutritional recommendations, meal quality according to animal feeding models, consumption of agricultural inputs according to environmental challenge, non-food uses. Nevertheless, and without any a priori contradiction with in any of these scenarios, growing a healthy and high yielding crop remains the main target for breeders, growers, and all the other stakeholders.
More and more research works are pointing out the interconnections between the plant responses to abiotic and biotic stresses (Kangasjarvi et al., 2014 , Kissoudis et al., 2014 . For example, identifying how the regulation of hormones (O'Brien and Benkova, 2013) could play the role of a hub in these interconnections is certainly an opportunity and a challenge, with consequences for plant breeding. However we will distinguish below these two types of interactions.
Resistance to diseases: the arm race
Looking back at the crop histories, and according to the evolutionary aspects of these interactions, (Van de Wouwe et al., 2014 , Ahmed et al., 2012 , blackleg due to the necrotrophic fungus Leptosphaeria maculans/Phoma linguam in oilseed rape and downy mildew of sunflower due to the oomycete Plasmopara halstedii (Gascuel et al., 2014) , an obligate parasite, are probably the most threatening diseases in a long term arm race. Despite of the strong differences in the life style of the two pathogens, the interactions between them and the crops present some similarities. Indeed, in each case, both qualitative, genotype specific interactions -and their overcoming by new virulent pathotypes -and quantitative, non genotype specific interactions were found (Brun et al., 2010 , Jestin et al., 2011 , Tourvielle et al., 2008 , Vear et al., 2008 . Consequently, the scenarios to make the best use of the available genetic diversity together with participatory practices (Hossard et al., 2013 , Tourvieille et al., 2005 might present some convergences.
The related parasitic species from the genus Orobanche/Phelipanche (O. cumana for sunflower, P. ramosa for oilseed rape) became during the last years a major concern, with very different patterns depending on the crop. Indeed, the resistance of sunflower to O. cumana has been a breeding target for a long time around the Mediterranean Sea and the Black Sea, but until recently (2009, source CETIOM) was not detected in France. Even if the genetic control of sunflower resistance became unclear through the wide diversification of the interaction patterns, non elucidated resistance mechanisms from cultivated or wild Helianthus genetic resources are currently exploited in breeding . During the last years, a specific research effort was devoted to analyze the genetic diversity of the parasite (Molinero-Ruiz et al., 2014 , Pineda-Martos et al., 2014 and to decipher the genetic of its virulence (Rodriguez-Ojeda et al., 2013) . Strong progress was also made in the field of signaling between the plant and the parasite (Joël et al., 2011, Raupp and Spring, 2013) . All of these knowledge are clearly needed when the purpose is to understand the complexity of this {plant *parasite} interaction. An alternative solution (herbicide resistance) has been deployed in several countries. However, the sustainability of such alternative is questionable, particularly because of the multiplication rate of O. cumana, and because the mutations in the genes involved in the interaction with the chemical compounds used in herbicide treatment are frequent in plants (see http://www.open-source-biology.com/synthese_ALS.htm in French, for review). P. ramosa also recently appeared in French oilseed rape fields. In contrast with sunflower, until recently, B. napus was considered as exhibiting a poor genetic variation for resistance to this parasite. However, a variability in quantitative resistance at different stages of the {plant * parasite} interaction has been found (Gauthier et al., 2012) . Moreover, reminding that the glucosinolate pathway has been altered during the last four decades with the purpose of obtaining low-glucosinate content in the seed, it has been shown (Auger et al., 2012) that the stimulation of P. ramosa seed germination could be promoted by the glucosinolate metabolic pathway. Overall, aiming to solve by sustainable ways the susceptibility of sunflower and oilseed rape to these two plant parasites appears a key target for breeding.
Sclerotinia sclerotiorum is also a threat for both oilseed rape and sunflower. Because there was a possibility to solve this threat by chemical application in oilseed rape, the genetic resistance was previously not considered as a major target for this crop, until resistance to this chemical compound appeared in isolates of the pathogen. In the renewed context of agricultural policy aiming to reduce drastically the chemical inputs, the resistance to S. sclerotiorum in rapeseed became a target of stronger interest (Uloth et al., 2013) . Beside of intrinsic varietal resistance, biological control with some strains of B. subtilis in seed coating might also be of interest (Hu et al., 2011 (Hu et al., , 2014 .
There are obviously a number of other biological threats for oilseed rape and sunflower cultivation in Europe: Phoma macdonaldii, a cousin of Phoma linguam, is the pathogen causing also the blackleg disease in sunflower fields, with a particular impact when infesting the fields at a quite late developmental stage to induce the premature ripening (Seassau et al., 2010) . Research and breeding programs have been developed with the aim to develop WOSR resistance toward clubroot caused by Plasmodiophora brassicae (Wagner et al., 2012) . Genetic solutions, as well as crop management practices (Desanlys et al., 2013) were successfully developed from 1985 to make the sunflower fields poorly affected or even nearly resistant to Phomopsis due to Diaporthe helianthi. Resistance to the verticillium wilt caused by Verticillium dahliae is becoming an important sunflower breeding target in France.
All together, it means that beside of (or included in) the strategic orientations derived from prospective studies, a continuous effort should be devoted to keep the crops healthy by creating resistant cultivars. During the last years, due to the need of reducing the chemical inputs in crop production and also to concentrate R&D efforts on other targets than replacing a resistant gene by another, more and more attention was paid to the strategies aiming to develop sustainable resistance to diseases (Palloix et al., 2009 , Quenouille et al., 2014 . There is obviously no general strategy, as it depends on several intricate factors like the dynamic of evolution of virulence factors, the diversity of resistance genes deployed in a given cultivation area, the possibility to make the crop escaping its interaction with the pathogen through background traits, etc. Therefore, the challenge in this area would be to develop knowledge in the field of molecular genetics -to identify the virulence effectors -(As-sadi et al., 2011 for sunflower downy mildew, Zander et al., 2014 and Balesdent et al., 2014 for oilseed rape blackleg), of evolutionary genetics -to learn how these virulence patterns can evolve -, and finally of modeling, to ultimately predict how the {plant * pathogen} interaction could evolve too.
Yield: "Produce more with less"?
As for other crops and traits, the availability of massive sequence data made possible the linkage mapping and increasingly the linkage disequilibrium (LD) mapping (the so called "association study") of QTL involved in yield and its components in WOSR and in sunflower. However, the key question remains: in which environmental conditions i.e. under which selection pressure these QTL have been discovered. Due to environmental constraints on agriculture, two targets are of crucial interest. In WOSR, nitrogen fertilization, a non renewable input, represents the major operational cost for growers (Orsel et al., 2014) . The improvement of nitrogen use efficiency (NUE) is therefore a key target as far as WOSR yield increase or stability remains the overall objective of crop production. As a summer crop mainly grown in southern part of Europe, the sunflower is often faced to drought stresses during the vegetative growth and/or the grain filling period. The target is there to improve the overall crop resilience across a wide set of environments where the drought stress can occur at different developmental stages.
As differences in NUE were found between WOSR cultivar (Erley et al., 2011 , Kessel et al., 2012 , several research teams analyzed the differential responses to nitrogen fertilization (N) in segregating populations. While Nyikako et al. (2014) found significant {genotype * N} interactions and concluded that breeding for improved NUE was possible, Bouchet et al. (2014) highlighted the fact that yield related mapped QTL were globally stable across N regimes. This suggests that NUE improvement could be difficult. However, in that study, the range of N stress was relatively limited. Research on NUE improvement in WOSR greatly benefited from studies on the model crop Arabidopsis thaliana (Chardon et al., 2012 , Masclaux-Daubresse et al., 2010 , Orsel et al., 2014 , pointing out the need of more integrated translational research, i.e. from model crops to cultivated crops. The seven years collaborative project RAPSODYN is dedicated to this target (http://www. rapsodyn.fr/en/).
Like NUE, drought stress tolerance is a complex trait. From transcriptomic and morpho-physiological studies, Rengel et al. (2012) identified in sunflower, through a genenetwork approach, genes associated with physiological markers of the drought stress and whose expression was modulated by water stress both in controlled and field conditions. This subset of genes was thereafter considered to build a biomarker, based on expression data of three genes, indicating the water status of field grown sunflower plants (Marchand et al., 2014a) . A gene regulatory network approach was used to identify, within a subset of genes responsive to drought stress, two hubs involved in transport nitrate in guard cells (Marchand et al., 2014b) . LD mapping (Cadic et al., 2012) was also used to identify SNP associated with the yield response to a water stress indicator built thanks to the crop model SUNFLO (Casadebaig et al., 2011) . The eight years SUNRISE collaborative project (http://www.sunrise-project.fr/en/) is particularly focusing on how the heterozygous status of sunflower cultivars could be more efficiently exploited to increase the crop resilience under a range of drought stresses.
A genome sequence of Brassica napus is now available (Chalhoub et al., 2014) , and similar information should be soon available on Helianthus annuus (Kane et al., 2011) . It is now generally considered that the limiting factor for gene and function discovery, and consequently tools for breeding, is becoming the acquisition of a precise and multivariate description of the phenotype (Cobb et al., 2013, Furbank and Tester, 2011) . This is particularly true when complex and D602, page 3 of 6 Dossier P. Vincourt: OCL 2014, 21(6) D602 quantitative traits like NUE or response to drought stress are concerned. Different phenotyping tools have been developed in controlled conditions (Tisne et al., 2013) . In sunflower, an intermediate tool (HELIAPHEN, Langlade et al., unpublished data) aiming to phenotype with a robot a few thousands of individual plants grown in pots in natural conditions has been realized. High throughput phenotyping in the field is also underway (Araus and Cairns, 2014) . However, considering the cost of implementation of such tool in a single location, the good equilibrium between the number of locations -able to exhibit a range of {genotype * environment} interactions -and the depth of phenotyping in each location need to be finely tuned. Therefore, while the emergence of in depth phenotyping is a strong opportunity, the challenge is to elaborate tools allowing the integration of data from one scale (ex: growth chamber or glasshouse) to the other (ex: plots in the fields).
Quality traits: diversification, a step ahead
The oil part of oilseed crops represents the highest economic value of the production. As the broad sense heritability of seed oil content is relatively high in WOSR and in sunflower when compared to yield or other quantitative traits, it is relatively easy to obtain a genetic advance for this trait, for example when starting from a cross between "low" and "high" genotypes. Several QTL for oil content have been mapped in both crops (Bouchet et al., 2014 , Delourme et al., 2006 , Jiang et al., 2014 , Merah et al., 2012 . These results confirmed the highly polygenic nature of the trait. The average range of oil content in the seed is 41−48% in WOSR. Studying the grain structure of an ultrahigh oil content line (65%), it has been reported (Hu et al., 2013) that it would be possible to increase this value up to 75% in oilseed rape.
With the advent of biotechnological approaches 25 years ago, several projects were intending to strongly modify the oil profile of crops, particularly in oilseed rape because of the fundamental knowledge provided on Arabidopsis thaliana and the possibility of genetic transformation in oilseed rape. The business aspect of this strategy was to dedicate some particular cultivar to a specific industrial use. As time went on, it appeared that this strategy was not really successful, for different reasons. However a diversification of the oil profiles took place, in WOSR as well as in sunflower, based on the use of mutants, mostly in or around fatty acid desaturase genes. In sunflower, the identification (Lacombe et al., 2001 , 2009 , Schuppert et al., 2006 of the mutation involved in the Pervenets source -a 40 years old genetic resource -allowed the faster development, through marker assisted selection, of cultivars with up to 88% of oleic acid in the oil. Several other mutants with modified oil profiles have been identified (Skorij et al., 2009) , including high palmitoleic acid (30%) and high stearic acid (30−35%, Salas et al., 2014) . Usually, the need in hard stock fats is solved by the hydrogenation of unsaturated fatty acids. A consequence of this industrial process is the production of unhealthy trans-fatty acids. It appeared therefore of interest to stack the two mutants (high stearic -high oleic, so-called "HSHO"), and such cultivar has been developed. The stearic acid content of the marketed product (Nutrisun c ) is of 17% while the oleic acid content is of 70% (source: http://www. nutrisunoil.com/). An ethyl methanesulphonate mutagenised population was developed in Brassica napus (Wells et al., 2014) to study the effect of mutations on fatty acid desaturases. One of these mutants had 6% of polyunsaturated fatty acids while the oleic acid content reached 84%. Such profile was a long-standing target for the oil industry.
Other components of oil like tocopherols (Vitamine E) and phytosterols might be of interest for human nutrition. It was shown in sunflower that a genetic variability for their content could be exploited in breeding and QTL were mapped (Del Moral et al., 2012 , Haddadi et al., 2011 , Merah et al., 2012 . The tocopherols B. napus orthologs of Arabidopsis genes were identified and functionally analyzed (Fritsche et al., 2014) , providing precise tools for tocopherol profile modifications by breeding.
Oilseed rape and sunflower meals are by-products of these oil crops, but according to Sebillotte et al. (2002) should be taken into account in a prospective approach due to their interest for animal feeding to become a stronger alternative to soybean. In Brassica napus, QTL of seed color and fiber content (acid detergent lignin) were found co-localizing with candidate genes involved in the phenylpropanoid biosynthesis (Stein et al., 2013) . More and more attention is paid to the industrial process allowing the sunflower seeds dehulling -and may be to the genetic variability of dehulling ability in the futureas this should be a way to increase the size and the value of sunflower meal market.
All together, it appears that breeding for these traits could be easier than for yield and responses to biotic and abiotic stresses: rather high broad sense heritability, availability of mutants and of the genomic background making easier the identification of genes, molecular knowledge from model crops. To introduce a range of radically modified fatty acid profiles in cultivars is a priori a strong opportunity. The status of quality traits among the different breeding targets -with a relatively low weight in R&D investments? -might be due to the uncertainty of nutritional and oil industry demand, as pointed out by Sebillotte et al. (2002) .
